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Efficacy and tissue distribution of DHP107, an oral 
paclitaxel formulation 
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Abstract 

PaeiifaKal is indispensable in treating human cancers. Due 
to poor drug solubility and efflux systems In the 
gastrointestinal tract, peroral delivery of paciftaxei has 
beers a significant challenge. We developed a rriuceadhe- 
sive oral formulation IDHP107) that can dlrectiy and 
effectively deliver psditaxel to intestinal endothelial cells 
without concomitant use of P-giycoproteirs inhibitors. 
Here, we evaluated the tissue distribution of paclitaxei, 
v > 3<-d the absorption mechanism of 
DHP1Q7. DHP107, which contains 10 mg/mL of paciitaael 
in a mixture of monooleln.. trscarpryiin, and Tween 80 was 
administered p.o. to female SALS/c mice at a 50 mg/kg 
dose. Diluted Taxol was administered via bolus tail-vain 
Injection at 10 mg/kg as a control. Blood and tissue 
samples were harvested at various time points and 
analyzed by high-psrformance liquid chromatography. 
Tissue sections were observed using Sight microscopy 
after aTimunohtetochemteel and Oil Red 0 staining. By day 
21, tumor volume after DHP107 and Taxoi treatments 
was one-third of that in the untreated group. After p,o. 
administration, pacii&axel was widely distributed in various 
organs (7 max ^ 2 hi, especially liver, spleen, and lung. 
DBP1Q7 was effectively absorbed through the intestinal 
lipid transport system. DHP107 changed spontaneously 
into <100 jxm droplets and miceiies in the intestine, 
which in turn adhered to rnucoepithellal ceiis, were 





I e m and formed lipid 

bodies in the epithelium. Paclitaxel in DHF10? was 
effectively fsbsorbsd through the gastrointestinal tract 
via lipid uptake mechanism and was distributed In various 
tissues. The detailed uptake mechanism is currently under 
investigation. [IvloS Cancer Ther 2007:811 2h3239-47| 

Introduction 

Paclitaxel is a powerhb proioiypic iaxaoe ardicancer drug 
net , rtv«iced 

s d turns -> m> 

cell lung carcinomas (1 - 5), Paclitaxel Is extremely insoluble 
is; water, as well as in other vehicles commonly used in 
parenteral dosages., wl-ach has created sitynblcan; problems 

tor Ari 

fonnofp.iv. ■> 

an - v mixture or Cre.vnopbor EL and dehydrated 

alcohol (6). Frequent acute hypersensitivity reactions, 
, ^ chest 

pain., tachycardia, hypotension, aogtoedeina, and general- 
ized urticaria, are a major side effect that is caused nor by 
the active r>b • w i : w vUui^ t » ■> - uibo 
(7). Paclitaxel is not bioavailablc when administered 
P.O. due v v>\e mi «. < w -> i >e< i c\ 

ceils . , i ^ h v. i 

P45( cei m 5 (8. 4 c therefor 

exclusively administered j.v , niosi commonly over a 3-h 
ve-(o<r T - - j 

torn ulahv ^ , v , m . 

men* - 

is f*- >se tttec >Cren op ot F.l use 11) 
In an attempt to develop safer clinical paclitaxel 

formulation (D. 1 
composer, o > < v< 

j if) v>n- „ v 
v l v * c of P- 

glycoproiem inhibitors, the oral bioavailability of paehbaxei 
' v 1 0 -u - v u<\ 

formulation. We also did - , v \ efficacy studies in 
mice anu s 

ceil K:ng carcinoma was significantly reduced aster p.o. 

vt s - •> 

tissue distnbiitiirn of paclitaxel and anniumor efficacy alter 
Pv d r - ^ xtj v rod ^ s t- . 1 v 

i \ T xo adru - <.-u e A - s < 

also exam.- 
intestine. 
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Materials and Methods 

Animate 



\ x n< S c handling followed institutiona j 

v v v ' _ Mice v»ere 

maintained with free access to food and water under a 

12-h light/dark cycle. 
SVSaterisis 

v x i N was 

i ' ^ vr s ' » \ was 

v op x r El 
o-^ Sigirta 
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re.fern i foas ? £ 

\ -i ?S°C and 

> V np before 

< t N " .-I \ r<w Kg with 

> p u ecus into lb stomach 



Ah s 



- 6! after 

. u. o • e.i . r i u > fo at 7Q Q ursti! high- 

maiysis 

Quantification of Pach'taxei 

To ctetweuw 'h; pv \ r ^tratiori, blood and 
t vtdure de- 

> xil , _ i^, In brief. 

< with SOU uL of 
i >fo.x t>e- 



-•- r ^ vv >• w o 

absorbai 
SiaavailabiSiry in Organs 

Bioavailability is defined as the n 



blood pa^Ua\e* co « 

DHP'hAaod i v. iniecUon o ' 1 (u"ia 

£>f drug absorption m different organs, ;«? aiso define the 
bioavailability in organs as the area under the concentration- 
time curve. ALC: (AUC OTa <, / /AAA . • (dose;.-,. / 
dose,,,-,,;) ■< fob so this article. 
Tumor Experiment 

HMT-6 murine maoaraarv caiAnorna cob (i ■•' bCAdnoose) 



9-vvt-ck-oid fofo.ilA rmce or: day 0. DHPI07 was adman 
i-toriu c>< 

by 2-dax r cr . . ^ v c u\ . Ax w 

(10 mg/kg) anc < j 

rumor w < % s s ; 

Ik \ and c 

width x height x 0.5236 (12). 
immunohistoehemistry 

Porraafo'A;\ea ; OCT-ernbodden tissues were cut at < t 
thickness, dried for 1 h a* > ^ and washed twice with t 
for 15 - endogenous peroxidase activity was bhxikec 
with 0.1% (y/v) HA), in PBS for 10 mfo. Tissue sample! 
wen bocsc, ni^ ^ v « 
irs FBS N im - r s , r< , , 

V S U i >. (. t 

ncunatea or h atroon t - 

a s tsAnara: rah « ~ . < u 



Ca 



i Bio 



P8ST 



.ered through 
c). The follow 
\, kidnev, hear: 



-eg hssoes were Samples wore eonr;;eista;oed with hemal 

lung, stomach, cleared, and coverslipped using &qw 

were homotce- medium (Sigma;. 

S a fogh-speed Photofrdcrographs of DHP10? in 

linked GmbH & intestine 
Me mixed e u 



Dioocl arA hssu.es wen; 
:e liquid chromatography 
em (SI 1; Shiscirio. lapanb 
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Di IF107 aor^isiratkav For 
idea concent a-rs of a« 

Itrarotcrotome (MT-C ; RMC; 




n, we showed tnat trie growth 
g carcinoma i\v ^ 
s. administration of DHP107 
'kg. 6 in the current study, we v _ .'^ , 

fh ? ^ n v< ^ 0ay8 8ft«rineeu.ation 

ictiviiy of oral DHP107 v 



torero^, respect; vdy. The treatment Kt;;-.es.iuii: tor QHP1C7 

s- 

/Vhea me tmra;r was trusted with oraj DHP1G7 (*>, tusnor ^' ' l ' " ' h ' r '° ora! P-ihaxei 



>d. When the treatment ended on day 21, 
107 ireataieni 

t M.'.5,th> -a - vvi rir ga n 



< > it. ' ai 

. DHPI07 (50 mg/kg) and i.v. Taxol ( 
ninistration (fig. 2A). in the oral DKP 



ii' max ) was 2 h for IT aammiavfaikm, except 

lee x 4 h nd C,» ax was dghes ii iha ' 1 
(63.5 ag/ae Table I). Wc v-suailv cotrfirraed the presence 
pacihaxel in major tissues 2 h after oaa DtiFlO" adtnir 
ntjfcor f\ m !mm(>h,-.e> v>,j>>ce >\ - 

tissues., except in heart tissues, compared with uoireai 
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Distribution of DHP10? in the Gastrointestinal Tract 



; two to hv;> t;;Ti€-< higher , tho7e of > istraiions a; 50 < 

> • v »v t spleen is separated and ■ 
a< gastrointestinal t 



Table 1. 1 


isfeissatsd AUC 0 .. M of pacistaxsi in bits 
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od arsd tsss 


ues •» = 3} after p.o. adoxnistratiors of 50 mg/fcg D 
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Taxal (10 mg/kg) 


















— 23.2 * 3.1 S.I ± 1.1 
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4 77 ± 0.8 56.5 


.t 6.2 


0.5 1.7 ± 0.2 1.2 6: »3 


742 


.Ks.ixwy 
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4* 2,637.1 ± 224.6 ii,97S.9 
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2 2.6 ± 0.3 IfU * i.s» 
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mucosal and submucosal epithelium t 
only in the mucosa of the ileum and cc 
Fate of OHP107 in the Proximal inte 



-o.ui.ndom t v - , . itjunum 
was similar ■■<> thai in blood; C !;!KX and T ;;;s , in jejunum were 
78 ng/s, < * i 

Padhaxei existed ;n ieinmuri fine.; ... ...an .e, .a , 


mv estimated viir 
intestinal fluid wit 
;a;n-;>deo>'vchoiaie 
1)1 PliV ; id rihe n 


for at least 8 h with T mw ai 4 h. On the other hand, 
was 3 h k up, l corn:? iing ft 

N - ^ tin or 24 - could not be determine 
ail of ihe niiesiinai iaaau'e and :heh i:o.vr-.?soor:dini; fi 


The 
d. Ir. 

aids. 


soluble dye, Sudan 1 


l ^ s U 




bile salts,' smaller oil 


i rt m str< ti jn thro ig - immun 
u - - <. >^ 

s ^served ir 


tract 

P107 
i the 


although large are 


dxopleis in artificial 



flui4 11 



1 



x 4 rv 
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We also observed the tare of D.HP107 in jejunal rarnen 
after p.o. DHPW7 adrnuusiratiore BAL8 /c xnia: were given 
OHP107 conUeo-oe * IV and sacrificed 30 > 2. 




> » < ; » s . 4 -ome of the 

~> y 7 " H ct 

whereas son:;?: remained as lumps of oil spread throughoie. 

i ' i n 

completely disrprpeeoed, ant; only oil particles that adhered 
i ts of these 
•> J * uks. < nd 

v ^ ^ - s , > itjens by 

Lipid Absorption 'in tb« Proximal intestine 

^ M - . i 0' h x i 7 v 1 n s 

'-tun <i ■« 

ob»e>ve 'ipsa and t - . respectively, . the a- vd control 
<. \ts- ^% r\ 

<. v N > ■■ 1 puis this 

■ ^ ec at jftero > > 




o ^ v v v t, 

ioealleod at t\ - \ a region of enterocyies decreased. 
Lipid absorption was also evaluated by teaisrmssion 



} o UtW 

group, large lipid droplets of various sizes (anvrss) were 

presenr jr 

group. 



Discussson 

Preparing cytotoxic agesiis for oral adnijerist.ratior, by 
syntheshlng derivatives or different formulations Iras been 
in . » v •> < << <. a ■> > \ Oral 

' ■ ' i ' < mage or come 

nience for tin r e- , i-- - . x , u h. ,>.. u 
themselves with nunhnal medical supervision, no or sho.rt- 




could increase the efficaev and decrease the side effects of 
anticancer drugs {21). 

I \e sol the 
mdamj >• \ (22). 

Jnforiut el ugs,. suel is iciltaxel 

are not orally bk;svaiiable, be... not absorbable in the 
i -!"o n-i - n v v v,. - , x 

and is practically insoluble in water (23). The plasma 
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itivity reactions rather than the 
. oral formulations thai could 
>suxe to Cremophor EL were 
:haeviivg additional advantages 

^1 J I v. v. ^ 

owever, paditaxd was orally 



oes .not include toxic exdpi< 
the major ingredient due fe 
i, 29). Because moxiooldn ft 
.here* to a small section of 



? deer* 



valie; 



d cl ~' A * " 

tract Incaprxhn a-v 

cterist t is _ 1 
othei ings ci ion is. We \n aiuated Hitituxno < j i 
^r-c-c-t,. > 

T\ i Ox gi ^ % - o >t 



no' das 



0 ;ng/kg. M: 
s'ith repeate 



although -race - she group 
injections showed ir;xidiy-reia 
tiie oral treatment group wow healthy wi& slower weight 
gain than the control group, '-"he animal anuiumor study 
! ; rU ft i a „ 

benefits of paeliiaxd bin eliminated the toxicities associated 
with intravenous Taxol 

^ d ^ ^ ^ ^ x 



oat? blood stayed above ; 
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lymphatic system. Because 
soluble drugs can be eniisj 
P ' ' * &e upta e m 



:onihrned by hrinutnohisiochenhsfrv-. Plowever, we ; 
roi: find paebiaxe! staining in either the heart or 
issue ioiloveing p.o. DhlPTT adrovnistrahon. Pathe; 



. The etirrbrnatio' 



the threshold vsku-: for several hours suggests thai ceai ;<ss: concern, b sahj Csru-- ^st Mskgr'Vas:?';i: 
Dfibl07 could provide effective antitumor efficacy- for 7. WsissRS. x ,> > - 

various oroee.n,. ■- '- 



; ~4 - the t >to;naeh. DiiPlbP stayed hi the iejunurn 
>8 h. The oroiooged gastric emptying and iruestinas 
ret tone probably contributed to the high bioavaTsbiiitv 
DHPiO'/. Previerus studies have reported thai the 
- o. drugs Is 
u o the drug in the 
romtei «= Hsu ;sa a; wefl a yj h transit rate 

eomicrographs of the jejoovoro after oro. DHPIO? 

1 3 and adhe- 
e> far at feast 8 * 

b; ' \ r >enneab ; ir > h rue, >i 

ihaxe; cooeerhrabons in the fruashoe and its fluid were 
i x si due to 
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1P10? absorption. We s G 58 ' 
m ii testioe rod lipid 22 y 3; 
through s : 
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